Introduction
In some parts of the world, information and communication technologies and services (ICTs) are contributing to revolutionary changes in business and everyday life. In other parts of the world, the lives of people have hardly been touched by these innovations. If people in developing countries are unable to acquire the capabilities for using the new ICT applications, they will be increasingly disadvantaged or excluded from participating in the global information society. The social and economic potential of these new technologies for development is enormous, but so too are the risks of exclusion.
The production of goods and services is paying less and less heed to national boundaries.
New services, robotics, computer-aided design and new management techniques made possible by ICTs are contributing to changes in the competitiveness of firms and nations.
The implications of these technologies for the social and entertainment sectors and for governance are equally great. Some observers suggest it is only a matter of time before market mechanisms ensure that all the world's citizens enjoy the benefits of a global information society.
1 They argue there is little need for special measures by governments and other stakeholders. Others suggest that the transformative nature of these technologies has been exaggerated. 2 The new ICT applications may destroy more jobs than they create; the gap between rich and poor may widen; and the huge capital investments required to strengthen national capabilities for using ICTs could divert resources from other activities that could have greater development impact.
Proponents of the latter view urge decision makers in developing countries to exercise caution lest they embrace the new technologies too enthusiastically and risk becoming disillusioned when the applications do not resolve their development problems. Others call for the implementation of national or regional ICT strategies aimed at maximising the benefits and minimising the risks associated with the use of these technologies. In an effort to clarify the key issues and to assess the evidence in support of these different positions, a
Working Group of the United Nations Commission on Science and Technology for Development (UNCSTD) investigated the implications of ICTs for social and economic development. 3 A major 'sourcebook' summarising the research literature and other available evidence on the potential and risks of ICTs for developing countries was published in 1998. 4 The Commission concluded that, although the costs of building new information infrastructures are high, the costs of not doing so are likely to be much higher. There was sufficient evidence of the potential of ICTs to justify the promotion of strategies to enable capacity building in order to harness the new applications to development priorities. It was recognised that developing countries are starting from very different positions in developing distinctive ICT strategies in support of their development objectives. The Commission's Working Group recognised that generic 'best practice' models for successful ICT strategies cannot be developed because of the very great differences among countries. However, a set of guidelines was devised as a basic check list for issues that need to be addressed in developing effective ICT strategies aimed at promoting more effective applications and 3 A search of existing sources of information on policies and the application of ICTs to meet a wide range of development objectives was undertaken from 1995 to 1997. This was complemented by the commissioning of papers from the United Nations University-Institute especially at finding uses that help to alleviate poverty in the poorest countries. These are listed in Appendix I.
This paper highlights key considerations that led to this assessment of both the potential and risks of ICTs for developing countries. It then looks to the future, pointing to some of the most fundamental issues that must be given a high priority in both the research and policy communities if ICTs are to contribute significantly in facilitating real development.
Technological innovations and opportunity
ICTs include a heterogeneous series of products and services. The ICT sector itself includes semiconductors, voice telephony technologies, and technologies supporting high-speed data and audio-visual systems as well as computers and packaged and customised software. There is no single technological pathway that must be followed by countries that are seeking to enhance and extend their national infrastructures or to connect them to global information networks. Given their different starting points, the technical configurations and the service applications that are selected by the public and private sector actors in developing countries are likely to vary considerably. Their choices are influenced by past investment levels, existing hardware and software production capabilities, experience with the customisation of the new products and services, and the capital available to promote new ICT applications.
Rapid innovations in ICT applications and the availability of high-speed networks are creating opportunities for generating and managing increasing amounts of information that can be tailored to users' needs and which can contribute to development goals. In order to benefit from these developments, however, a wide range of technological and related capabilities need to be strengthened.
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In virtually all cases, choices must be made about which technological components and services can be produced within the domestic market and which must be sourced externally.
Decisions must also be taken about how the applications should be implemented so as to contribute to national development goals. The variety of products and services and the differences in the economic and social conditions in developing countries make it extremely difficult to generalise about which technologies and human resource capabilities will be most responsive to each country's distinctive national goals. 
ICT production opportunities

ICT applications for development
The applications of ICT do not always require access to a network infrastructure as many can be implemented on a 'stand-alone' basis. However, other applications that are likely to support development priorities benefit from a well-functioning telecommunication infrastructure. 13 For example, public-sector applications including distance learning and professional development, road traffic management, disabled support services, air-traffic control, health-care, electronic tendering for contracts, and public administration applications require reliable networks.
Among the applications that are likely to contribute to increased public sector efficiency are 'one stop shopping' for government information, applications designed to limit Applications for businesses increasingly include automated information processing systems and systems for data entry and storage. Many domestic companies are adopting distributed computerised systems that support computer-aided design and manufacturing. Corporate networks (and Intranets) are providing the infrastructure for teleworking as well as for teamwork using computer-supported-cooperative-working software. The business sector in many developing countries is relying increasingly on ICTs for electronic commerce and distributed computerised systems for stock control, just-in-time manufacturing, computerised numerical controls, and robotics. These applications have the potential to enable more and more companies to participate more effectively in the local, national and global economy.
If the technical systems supporting the innovative applications illustrated here can be tailored to the specific and often different needs of people in developing countries, there is the potential to enable marginalised populations to participate more actively not only in the economic community but also in the social, political and cultural communities.
ICTs supporting scientific and technical knowledge sharing
ICT applications are essential components of scientific and technical R&D activities.
14 Scientific and technical research plays an important role in the production of ICTs and the use of ICTs is an increasingly crucial part of conducting scientific and technical research. sectors increase their connectivity, access to databases becomes essential to the production of ICTs and their uses in the manufacturing and service sectors. The computerisation of search techniques using intelligent agents can put the latest technical information in the hands of scientists, engineers and other experts. However, the capability to assess this information and to customise it to local circumstances is essential. Although, large resources of indigenous scientific and technical expertise may be shared more effectively by developing an extensive information infrastructure, the initial costs are high and this is especially so when such factors as the costs of translation and of gaining the expertise necessary to interpret and use scientific resources are taken into account.
Where they have been introduced, computerised support systems are aiding in the assessment, selection, application, adaptation and development of a broad range of technologies and services, including ICTs themselves. Network applications are supporting collaboration between research institutions in developing countries and in the industrialised countries. 15 The increasing importance of international R&D collaboration suggests that action will be needed to ensure that developing countries contribute to, and share in, such collaboration.
The role of ICTs in supporting and improving the national absorptive capacity for imported technology is also important. Applications in education and training are strengthening primary, secondary and university education systems although there are major issues with respect to the potentially negative implications of the use of foreign training materials.
Capacity building requires a literate population and familiarity with the tools and techniques of technology assessment. Strategic planning and the selection of niche markets for the exploitation of scientific and technological expertise can benefit from the use of ICT-based 'expert systems' and scientific instrumentation. increasing numbers of illustrations of the potential benefits of ICTs for developing countries.
Other applications are contributing to the automation of production activities, i. responsibility for selecting and giving priority to a wide range of policy and practical initiatives.
ICT initiatives and international co-operation
Many ICT products and services are only beginning to become available to some users in many of the developing countries. Although ICTs clearly can play a major role in alleviating poverty, enabling new learning experiences, and reducing the harmful effects of social exclusion, this is only likely to occur if national or regional strategies are effective in mobilising resources. Many governments are initiating strategies to stimulate production capabilities and export performance, but strategies aimed at the use of ICTs by citizens and the majority of small business users and consumers are much less well co-ordinated and resourced.
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ICT applications do not offer a panacea for social and economic development problems.
There are considerable risks of unemployment and social and economic dislocation.
Nevertheless, the risks of failing to participate in the so-called ICT 'revolution' are enormous. A failure to invest in some of the new applications and network services will exacerbate the huge existing gap between rich and poor countries and between the richer and poorer regions within the poorest countries. The greatest challenge is to use ICTs to encourage the accumulation of experience by the excluded and most deprived groups whose needs are not likely to be met by market forces.
In the industrialised countries and some of the newly industrializing countries, major efforts are being made to combine the use of advanced information infrastructures with informal knowledge to enable businesses to sustain economic growth and to improve the overall quality of life of citizens. Representatives of both the public and business sectors in these countries are shaping the design and use network infrastructure and services. Stakeholders are actively involved in negotiating the new international 'rules of the game' or governance systems in many areas in ways that are responsive mainly to their shorter-term interests.
These include the terms of trade in goods and services (business and cultural products), competition and regulatory policy and the conditions of market access, information security, standards, the protection of intellectual property, and employment conditions. At the same The transfer of ICTs to developing countries and the effective development and use of localised applications will continue to require innovative strategies to harness existing strengths and to combine them in new ways with investment in technological and human capabilities.
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Experience indicates that new ICT strategies must establish a framework for policies and regulations which strike a balance between commercial applications and those applications where market forces are unlikely to work effectively. National or regional ICT strategies also must be implemented in the light of developments in the global economy. In the course of its work, some of the members of the UNCSTD Working Group devised scenarios which helped to illustrate the interactions between global and domestic issues facing developing countries. 26 In some of these scenarios, the global environment was regarded as being access to communication networks. In other scenarios, the vision was of a global marketplace dominated by a few powerful companies resulting in increased concentration of technology, capital, wealth and power within the industrialised countries.
In both instances, however, there were two options for national governments and regional coalitions of actors. In one case, they were expected to adopt a passive stance, failing to introduce policy initiatives that would promote the use of ICTs to support development goals.
In another, they were assumed to stimulate the accumulation of new technological and organisational capabilities and to have some successes in harnessing ICT applications to development goals. The most likely scenario was one in which ICT producers in the industrialised countries and a few developing countries succeeded in expanding and deepening their markets. At the same time, national governments, regional groupings and various local actors were expected to seek opportunities to create ICT-related businesses especially in the service sector and to encourage some public-sector applications. In this scenario, many developing countries would continue to be largely excluded from the global ICT system and many of the new products and services would be unresponsive to their development needs. Despite the instability of this scenario, it was suggested that there are opportunities for governments to minimise the risks and maximise the benefits of new ICT applications by implementing strategies that encourage compensatory or corrective policies in key areas, especially for the most disadvantaged communities.
Towards ICT strategies and international co-operation
Coherent national (or regional) ICT strategies can provide much needed support for introducing new regulatory frameworks, promoting the selective production and use of ICTs, and harnessing their diffusion especially for marginalised people. The resulting benefits in terms of contributions to education and the improved management of organisational change can assist in contributing to development goals. Such strategies can also be helpful in securing new means of financing ICT investment, strengthening indigenous scientific and technological research capabilities, and helping to improve the capacity to formulate and assess the impact of the new international governance regimes for ICT services and technologies. The most effective strategies are likely to encompass initiatives at the local community, municipal, sub-national, and regional levels and to actively encourage a 'development dialogue' within and between developing countries
The UNCSTD Working Group on ICTs and Development outlined the set of guidelines listed in Appendix I which illustrate some of the measures that need to be in place to harness ICTs to sustainable development goals. The guidelines cover major issue areas which confront most countries as they seek new ways to ensure that the risks of introducing ICT applications are outweighed by the benefits. The success with which these and other issues are addressed depends upon the way they are implemented, upon the conditions that prevail in each country, and on the interactions of local stakeholders with others in the global political and economic environment.
Conclusion
The UNCSTD suggested that developing countries would be in a stronger position to maximise the potential benefits of the new applications if they establish national or regional ICT strategies. They pointed out that such strategies must be underpinned by a commitment to action if they are to be effective. This paper has highlighted key factors contributing to the Commission's assessment of the potential of ICTs for development. Many of these issues are being addressed by policy makers and other stakeholders in developing countries, but some profound problems remain for the implementation of effective ICT strategies. Far too often very real damage to human welfare continues to occur when ICTs are introduced. This is often attributable to the fact that these technologies are promoted as a panacea for social and economic disadvantage. Even more often, it is attributable to haphazard implementation which does not take into account realistic factors of local conditions and use.
ICT strategies are often developed and publicised mainly to attract external investment to construct new infrastructure or to deliver hardware and software without giving sufficient attention to local concerns and requirements. Applications developed and designed for markets in the industrialised countries are transferred to the developing world with little concern about the need for technical modification or the importance of content, skills and training. Such strategies are often tailored to strengthening domestic ICT production aimed at export markets rather than at building up the capabilities of the majority of citizens, businesses and industrial sectors for using ICTs. Such strategies represent a 'Trojan Horse' of technologically driven social and economic transformation which heighten the risks that people will be disadvantaged. They take too little account of the plight of the marginalised people and they fail to build upon existing strengths in the local environment.
The political and economic priorities of key decision makers often dictate these outcomes.
There are substantial pressures to introduce ICT applications that are responsive to the most organised and vocal stakeholders within developing countries such as the representatives of multinational firms and the requirements of the larger firms located in urban areas. Action stemming from strategies oriented primarily to responding to the needs of these users is likely to exacerbate the existing ways in which substantial segments of the population are marginalised.
There is an urgent need to develop ICT strategies and actions which bring marginalised social and economic groups into reach. This requires greater clarity with respect to which users are targeted as a priority. It is not sufficient simply to ensure that strategies are oriented towards the 'user' of information and communication technology networks and services. The user's context (social, cultural, economic and political) is crucial to whether he or she has the capacity to shape the 'virtual' environment. Those people who do not have opportunities to acquire the skills necessary to conduct their lives in this kind of environment will be disadvantaged or excluded as ICTs become more pervasive regardless of how much investment occurs in the network infrastructure, computers and software. Strategies must take into account the fact that the 'user' may be someone in a village, an employee controlling a robotic system on an assembly line, or an official in government. Different users will have various skills and capabilities, cultural understandings of the roles for ICT applications, economic resources and political power. Strategies must take these differences into account.
Ideally, ICT strategies should be designed to permit 'users' to shape the design of ICT systems; in practice, especially in developing countries, this is rarely a realistic option. If policy makers can be persuaded to give much greater priority to investing in opportunities for building the required capabilities for reconfiguring and maintaining hardware and software and for local content production, even as they invest in hardware and in advanced network infrastructures, there is a greater chance that 'users' will be able to accommodate the new technologies into their lives in productive ways. This requires substantially greater attention to education and training, knowledge transfer and sharing, policy co-ordination, and enabling local groups to determine the nature of their own communicative environments.
To accomplish this, major efforts are needed to devise innovative ways of tailoring ICT systems to the various needs of a broad cross-section of the population in developing countries. This requires attention to the assessment and selection of innovative ICT applications. It also entails increasing the priority given to social applications and those oriented toward strengthening the provision of public services and environmental protection.
These application areas can make early and substantial contributions to the improvement of the social conditions of marginalised people and they can provide an improved infrastructure for stimulating economic activity. Financing of such initiatives is likely to be more difficult to justify than it is for ICT production oriented activities or for ICT applications that respond to the business needs of urban users. This is because the benefits are more difficult to demonstrate in the short term. Nonetheless, the potential benefits are substantial as the review carried out by the UNCSTD Working Group has shown.
Research can play a vital role in critically assessing the factors that support innovative applications of ICTs that are responsive to the local needs of citizens and smaller businesses as well as to the skill requirements of industrial users of advanced ICTs systems.
Comparative research continues to be needed on innovative financing arrangements and on measures that can be taken within the framework of ICT strategies that are sensitive to the needs of those who are excluded. Such research needs to be undertaken systematically and continuously so that a broader base of experience can be accumulated and exchanged among those who are in a position to develop innovative applications oriented toward social, as well as economic, development goals. If the outcomes of investment in the 'juggernaut' called ICTs for businesses and citizens in developing countries are to bring positive benefits for those who live in poverty it is essential that ICT strategies give much higher priority to social issues, to training, and to financing initiatives for those who are otherwise likely to be excluded. • ICTs are used to satisfy the basic needs of all the population and that their production and use contributes to economic and social objectives; • technology assessment procedures and methodologies are introduced to help identify and select key ICT production sectors and to promote key user initiatives. Feasibility, costeffectiveness and the expected contribution to development priorities should be included as explicit selection criteria and evaluation methods should be strengthened;
• particular attention is given to promoting innovations in ICTs, especially in hardware, which can be implemented in ICT systems that are used in areas without, or with unreliable sources of, electricity and under difficult climatic or geographical conditions; • measures to promote and strengthen the social and cultural diversity of content accessed via networks and to stimulate the production of indigenous content in selected areas are included;
• measures are taken to provide access to public information of relevance to citizens and community groups including those promoting public awareness of ICT applications, the potential of databases, and demonstration projects;
• ICT applications are used to encourage interactive relationships between governments, local authorities and citizens, and within citizen groups.
II.
Encouraging Learning Opportunities. It is important to ensure that:
• the use of ICTs is encouraged at all levels of the formal education sector and that special attention is given to literacy, training, language skills and primary education; • education and training programmes include scientific and technical skills, policy analysis skills and innovation management skills relevant to the effective production and use of ICTs, and incorporate specific plans for curriculum revision to introduce professional knowledge that is relevant to the production and the use of ICTs in support of development goals;
• curriculum revisions include training in methods of technology assessment, in creative approaches to ICT development, and in maintenance and adaptation to local conditions, as well as in evaluating the viability and sustainability of export-oriented strategies and complementary measures;
• curriculum revisions take into account the need for gender-specific training and education regarding the design and application of ICTs;
• measures are introduced to address job creation and working conditions that will contribute to sustainable livelihoods and the promotion of new skills acquisition through new forms of ICT-based interactive learning;
• the job creation (and destruction) potential of ICTs is explicitly addressed through employment measures linked closely with education and training policies.
III.
Managing ICTs for development. It is important to ensure that:
• measures are taken to improve the 'management of change' in all organisational settings;
• mechanisms are introduced to compare the management processes adopted in different countries and to assess their strengths and weaknesses; • the process of customising ICTs for more effective use, especially by the least developed countries, marginalised groups in rural areas, and women, is given special attention; 28 See United Nations Commission on Science and Technology for Development (1997), op. cit.
• measures that encourage continuous organisational learning are included.
IV.
Accessing ICT networks. It is important to ensure that:
• clear plans are devised for regulatory frameworks for telecommunication, broadcasting and cable television and that minimum standards are in place to achieve network interoperability within and between countries; • regulatory measures address bottlenecks impeding effective competition which may be the result of unfavourable market structures;
• regulatory measures take account of national social and cultural priorities as well as economic efficiency considerations in licensing domestic and foreign operators;
• universal service measures and related policies are developed, and that suppliers take account of a wide range of user needs;
• special attention is given to street-side 'kiosks' in rural and some urban areas to provide access to networks and services that are responsive to people's needs; • measures to explore innovative financing arrangements involving public and business partnerships are introduced.
V.
Promoting and financing investment in ICTs. It is important to ensure that:
• plans are introduced that encourage coalitions of resources to initiate ICT production in key areas and to provide a basis for both experimental and commercial ICT applications, including measures that combine financial and human resources as well as technical contributions 'in kind' to provide seed capital for innovative projects; • priority is given to measures to attract foreign investors to ensure the development of network infrastructure and ICT applications involving software including new forms of revenue generation to strengthen national capabilities in manufacturing and in the adaptation and customisation of ICTs;
• the implementation of innovative pricing schemes is encouraged, leading to stimulation of demand for commercial services and exploration of means whereby the most marginalised groups in society can access and use ICT applications; 20 
VI.
Creating and accessing scientific and technical knowledge. It is important to ensure that:
• science, technology and innovation policies are formulated in the light of the new opportunities generated by ICTs;
• measures encourage and facilitate the establishment of R&D networks linking ICT production and use to priority development issues;
• collaboration among science and technology research groups involved in the development and application of ICTs in developed and developing countries is encouraged;
• plans are implemented for the dissemination of information on R&D networks, including promotion of the use of ICTs to support these networks;
• special attention is given to ensuring close interaction with end-users and particularly with marginalised and special interest groups in rural areas;
• explicit measures are taken to encourage 'knowledge broker' organisations that facilitate the generation and application of scientific and technical knowledge by combining locally relevant expert advice with information acquired through using ICT applications.
VII. Monitoring and influencing the 'rules of the game'.
It is important to ensure that:
• mechanisms are put in place to strengthen participation in multilateral and regional forums involving the public and business sectors;
• measures are taken to support monitoring and analysis of developments in these forums that affect the potential for the production of ICTs in the national context; • special attention is given to monitoring and analysing the impact of developments in international or regional forums that affect the transfer, customisation and use of ICTs in domestic markets;
• the emerging governance regimes are assessed for new competitive and co-operation opportunities where initiatives can be taken to benefit from them. The Commission's Working Group also noted that the agencies and organs of the United Nations system should play an important role in demonstrating the effective use of ICT applications and in supporting new initiatives in developing countries.
